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ABSTRACT

THiS REPORT ENCOMPASSES THE PROGRESS ACHIEVED UNDER CONTRACT
NAS8-1526 burRinG THE REPORT PERICD FEBRUARY 10, 1961 THROUGH
Marcw 31, 1961. ConTRACT NASB-1526 auTHORIZES WYLE LABORA-
TORIES TO 'STUDY, MODIFY OR DEVELOP, TEST AND EVALUATE A HIGH
ACCURACY MASS FLOWMETER FOR USE WITH L1QUID HYDROGEN'" AND
TENTATIVELY CONSISTS OF THE FOLLOWING PRCGRAM PHASES!

1) LITERATURE A4D INDUSTRY SURVEY

1"

2) ANALYSIS OF "STATE-OoF-THE-ART" & SELECTION OF
MostT ProMISInG DESIGH

~—

Desion OF CALIBRATION System & FABRICATION

Pi

4) CHeckouT ofF SvysTem & PREL IMINARY TESTS

) ANALYs1Ss & DesigN IMPROVEMENTS OfF FLOWMETER DESIGN
) Finat TesTs oF FLOWMETER

FinaL AnaLystis & DesiGN IMPROVEMENTS

ProgrRess ReporRT No., 1 ENCOMPASSES THE FRELIMINARY RESULTS OF
THE LITERATURE AND INDUSTRY SURVEY.

TECHNICAL SUPERVISION OF THE CONTRACT FOR THE MaRsHALL SPACE
FLigrHT CENTER 1S BEING PROVIDED BY MR, A, E. ScHuLerR, INSTRU-

MENT DEveLOPMENT SecTion, MgasurRiInNG CONTROL AND INSTRUMENTATION
Brancn, Test Division,

TH1S REPORT HAS BEEN
REVIEWED AND APPROVED
FOR WYLE LABORATORIES

L. N, MORTENSON
FrRoGRAM MANAGER



Frace NuMBER
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SUMMARY

THE RESULTS OF THE PRELIMINARY INDUSTRY SURVEY INDICATE THAT
THE FOLLOWING MANUFACTURERS; PoTTeER-PaciFic {TWiN TURBINE
METER), WAUGH ENGINEERING (AXIAL MOMENTUM-ZERO BLADE ANGLE
TURBINE) AND THE DECkER CORPORATION (VIBRATING GYRO) ARE WIiLL-
ING TO SUBMIT METERS FOR EVALUATION AND POSSESS METERS WHICH,
AT LEAST ON A PRELIMINARY BASIS, APPEAR TO MEET THE REQU!RE-
MENTS OF THE PROGRAM,

IN GENERAL, ONLY BRIEF DiSCUSSIONS HAVE BEEN HELD W!TH THE
VARIOUS MANUFACTURERS TO OUTLINE AND DISCUSS THE PH:!LOSOPHY

OF THE PROGRAM, FURTHRER TECHNICAL MEETINGS HAVE BEEN SCHEDULED
IN WHICH THE DETAILS OF METER OPERATION, PROGRAM PHILOSOPHY,
CETC., WILL BE FINALIZED. 1T 1S INTERESTING TO NOTE THAT AN
OPTIMUM MASS FLOWMETER HAS NOT BEEN FOUND FROM THE EXISTING
FLOWMETER DESIGNS, |.E., THE POTTER METER IS FELT 7O HAVE
UNREL IABLE ELECTRONICS AND MAY POSSIBLY BE SUSCEPTIBLE TO
SUSTAINED OSCILLATIONS BETWEEN THE TWIN TURBINES: THE WAUGH
METER APPEARS TO HAVE A POSSIBLE PROBLEM AREA (N THE USE OF

A CONSTANT TORQUE CLUTCH WHICH MAY CHANGE CHARACTERISTICS WITH
EITHER TEMPERATURE OR USE; AND THE DECKER METER IS A COMPLEX
MECHANICAL DEVICE WHICH WiLL BE DIFFICULT TO VACUUM=-JACKET OR
TO SCALE UP TO LARGE LINE SIZES,

SEVERAL MASS FLOWMETER SYSTEM DESIGNS HAVE BEEN INVESTIGATED
BY WYLE WITH UNSUCCESSFUL RESULTS. ThHE FLOWMETER S5YSTEM
DESIGNS HAVE FITHER PROVEN UNATTRACTIVE FOIM A FEASIB ! TY
STANDPOINT CR HAVE BORDERED UPON EXISTING FATENITED FLOWMETEFR
PRINCIPLES,

IN PREPARATION FOR THE SCHEDULED TECHNICAL MEETING BLIWEfA
WyLe AND MaRrRsHaLL Space Frigut CenTer on Aprit 10 ano 11,
1961, A CALIBRATION SYSTEM BASED UPON A MAXIMUM F.OW RATE O
APPROXIMATELY S50 GPM HAS BEEN DESIGNED AND WILL BE DiSCUSSED
DURING THE MEETING., |7 SHOULD BE NOTED THAT CONTINGENT UPON
THE SI12ZE OF THE FLOWMETERS SELECTED FOR EVALUATION, THE CALIL™
BRATICN SYSTEM MAY REQUIRE NOMINAL REDESIGN,

THE PROGRESS CF THE INiTIAL PHASE OF THE PROGRAM 1S CURRENTLY
ON SCHEDULEYJ] HCWEVER, AWAITING THE FINAL RESPCNSES ©F SEVERAL
FLOWMETER MANUFACTURERS 1S EXPECTED TO EXTEND THE SCHEOULE

FOR SEVERAL WEEKS AS SHOWN ON THE ATTACHED SChHEDULE, APPEND I X

A, THE ANALYSIS AND SELECTION PHASE CF THE PRCGRAM S CURRENTLY
IN PROGRESS AND IS EXPECTED 70O BE COMPLETED CON SCHEDULE, THr
DESIGN OF THE CALIBRATION SYSTEM hAS BEEN INITIATED AND
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IS PROCEEDING AHEAD OF SCHEDULE. ALTHOUGH A NOMINAL SCHEDULE
EXTENSION WILL BE REQUIRED FOR THE SURVEY PHASE OF THE PROGRAM,
CONCURRENT PERFORMANCE IN THE VARIOUS PHASES 1S EXPECTED 71O
ELIMINATE THE POSSIBILITY OF ANY SERIOUS SCHEDULE EXTENSIONS,
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DISCUSSION

LITERATURE AND INDUSTRY SURVEY

THE SURVEY PHASE OF THE PROGRAM WAS CONDUCTED UTILIZING THE
ARMOUR RestARCH ReporT "Stupy ofF Mass FrLowme reErs™ ARF Pro-
gect D173, ConTRAcT DA-11-022-ORD-2857 AS THE PREL IMINARY
BAS!S FOR CONTACTING MANUFACTURERS AND DEVELOPERS OF MASS
FLOWMETERS. IN CONDUCTING THE INDUSTRY SURVEY, THE PROGRAM
OBJECTIVES AND PHILOSOPHY WERE DISCUSSED WITH EACH MANU-
FACTURER AND/OR GOVERNMEN' AGENCY CONTACTED AS OUTLINED BE-
LOW

A) PROGRAM REQU IREMENTS FOR FLOWMETER PERFORMANCE.
B) PRINCIPLE OF FLOWMETER OPERAT ION.

c) POTENTIAL PROBLEM AREAS IN THE USE OF THE FLOW-
METER IN A LIQUID HYDROGEN MASS FLOW MEASUREMENT
APPLICATION,

D) POSSIBLE WILLINGNESS OF MANUFACTURER TO PARTIC (=
PATE IN THE EVALUATION PHASE OF THE PROGRAM(SuUB-
MITTAL OF METER ON A LOAN BASIS AND SUBSEQUENT
ACTIVE PARTICIPATION IN THE DATA ANALYSIS AND
POSSIBLE DESIGN (MPROVEMENT PHASES ).

£) EXPERIENCE IN EITHER THE FIELD OF “ASS FLOW
MEASUREMENT OR THE FIELD OF CRYOGE:C FLOW MEASURE-
MENT,

F) POSSIBLE SOURCES OF ADDITIONAL TECHNICAL INFOR-
MATION,

DURING THE SURVEY PHASE OF THE PROGRAM, 25 FLOWMETER MANU=
FACTURERS AND/OR GOVERNMENT AGENCIES WERE CONTACTED, WHiLE

A MAJOR PORTION OF THE SURVEY PHASE OF THE PROGRAM HAS BEEN
COMPLETED, T 1S ANTICIPATED THAT ADDITIONAL CONTACTS AND
CORRESPONDENCE WITH VARIOUS AGENC!ES SHALL CONTINUE FOR AT
LEAST THE NEXT FOUR TO SIX WEEK PERIOD., AT LEAST THREE FLOW-
METER MANUFACTURERS HAVE DEFINITELY COMMITTED THEMSELVES FOR
ACTIVE PARTICIPATION (N THE PROGRAM; POTTER=-PaciFic(Twin TUR-
BINEg, WAUGH ENGINEERING(AXIAL MOMENTUM=ZERO BLADE ANGLE TUR-
BINE) AND THE DeckerR CoRPORATION(VIBRATING GYRO)., THE RESULTS
OF THE INDUSTRY SURVEY ARE SUMMARIZED AS FOLLOWS:S

.-3..
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CompanNy: PoTTeR AcRONAUTICAL CORPORAT!ION

Type oF InNsTRuUMENT: Twin TuRBINE METER

Mrc's, REsPONSE: INTERESTED AND WILLING TO SUBMIT METER
ON LOAN BASIS FOR EVALUATION AND ACTIVELY PARTICIPATE 1IN
THE PROGRAM,

COMMENTS: PRELIMINARY DISCUSSIONS HAVE BEEN HELD WITH

THE PoTTeR CoMpaNYy, POTTER 1S WILLING TO SUBMIT A METER

ON A LOAN BAS!IS AND 1S ANXICUS TO PARTICIPATE IN THE PRO-
GRAM, A TECHNICAL MEETING HAS BEEN SCHEDULED APRIL 3RD

AT THE PoTTER AERONAUTICAL, UNION, NEW JERSEY FACILITY N
WHICH THE DETAILS OF THE METER OPERATION AND THE EXTENTY

OF POTTER'S PARTICIPATION IN THE PROGRAM WILL BE DISCUSSED.

RECOMMENDATION: BASED UPON A PRELIMINARY ANALYSIS OF THE
TWIN TURBINE METER, POTTER'S WILLINGNESS TO PARTICIPATE

IN THE PROGRAM, AND EXTENSIVE EXPERIENCE IN CRYOGENIC FLOW
MEASUREMENT, T 1S RECOMMENDED THAT THE POTTER TwiN TURBINE
FLOWMETER BE CONSIDERED FOR THE EVALUATION AND DEVELOPMENT
PROGRAM,

Company: THE Decker CORPORATION

Tyre oF INSTRUMENT: ViBRATING GYRO

MFe's., REsSPONSE: INTERESTED AND WILLING TO SUBMIT METER ON
LOAN BASIS FOR EVALUATION AND ACTIVELY PARTICIPATE IN THE
PROGRAM,

COMMENTS: SEVERAL PRELIMINARY DISCUSSIONS HAVE BEEN HELD

WITH THE DeEckeR CORPORATION AND AVAILABLE TECHNICAL INFOR-
MATION HAS BEEN FORWARDED TO WYLE. A TECHNICAL MEETING
HAS BEEN SCHEDULED APRitL 4TH AT THE DecCkeErR CORPORAT!ION
BaLa-CynwyYD FACILITY, |T 15 THE INTENTION OF THIS MEETING
TO FINALIZE THE EXTENT OF PARTICIPATION (N THE PROGRAM BY
THE DeckerR CORPORATION AND TO FINALIZE SUCH QUESTIONS AS
AVAILABILITY AND SIZE OF METERS FOR EVALUATION, PCSSIBLE
METHODS OF VACUUM-JACKETING THE METER, E£TC.

RECOMMENDATIONS: BASED UPON FAVORABLE PERFORMANCE OF THE

DECKER METER DURING THE EVALUATION TESTING CONDUCTED BY
ARMOUR ResearcH FounpaTion (ReF. NO. 1) AND THE WiLLING-
NESS OF THE MANUFACTURER TO PARTICIPATE IN THE PROGRAM,

iT IS RECOMMENDED THAT ThHE DeEcker GYrRoscoprPic Mass FLOWMETER
BE CONSIDERED FOR THE EVALUATION AND DEVELOPMENT PROGRAM,

S TR
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CoMpaNY: WAUGH ENGINEERING

TYype OF INSTRUMENT: Axi1aL MOMENTUM-ZERO BLADE ANGLE
TuRBINE.

Mre's, RespoNse: INTERESTED AND WILLING TO SUBMIT A
METER ON LOAN BAS!S FOR EVALUATION AND ACTIVELY PARTI-
CIPATE IN THE PROGRAM,

COMMENTS: WAUGH ENGINEERING 1S CURRENTLY DEVELOPING A

5 tNCH, 3 T0 15 POUNDS PER SECOND LIQUID HYDROGEN MASS
FLOWMETER UNDER SUBCONTRACT TO THE AeRoJET-GEnERAL CORPO-
RATION, Azusa, CALIFORNIA, WHO, IN TURN, IS CONDUCTING

THE DEVELOPMENT UNDER CONTRACT AF33(616)-6811. PRELIMI-
NARY DISCUSSIONS HAVE INDICATED THAT WAUGH ENGINEERING

MAY BE WILLING TO MANUFACTURE A MASS FLOWMETER OF AN
APPROXIMATE 2 INCH LINE SIZE FOR EVALUAT|ON PURPOSES.
TECHNICAL INFORMATION DETAILING THE DEVELOPMENT OF THE
MASS FLOWMETER HAS NOT BEEN AVAILABLE SINCE TH!S WORK (S
BEING CONDUCTED UNDER A CURRENT CONTRACT. SUBSEQUENT
DISCUSSIONS WiTH WAUGH, AEROJET, AND EDWARDS AIR FORCE
BASE PERSONNEL HAVE INDICATED THAT COMPLETE TECHNICAL
INFORMATION PERTINENT TO THE FLOWMETER DESIGN AND TESTING
MAY BE OBTAINED N THE QUARTERLY PROGRESS REPORTS SUBMITTED
BY AeroJET-GeneErRAL CorRPORATION TO EDOWARDS AR FoORCE Base.
IT 1S REQUESTED THAT MarRsHALL Space FLIGHT CENTER FORMALLY
REQUEST MR, D. LiMBACKER OF EDWARDS AIR FORCE BASE TO PLACE
WYLE LABORATORIES ON THE DISTRIBUTION L1ST FOR QUARTERLY
PROGRESS REPORTS GENERATED UNDER THE SUBJECT CONTRACT AND
ENTITLED "HYDROGEN MASS FLOWMETER DEVELOPMENT."

RECOMMENDATION: DBASED UPON A PRELIMINARY ANALYSIS OF THE
WAUGH ENGINEERING MASS FLOWMETER AND THE WILLINGNESS OF
THE MANUFACTURER TO PARTICIPATE IN THE EVALUATION PROGRAM,
IT 1S RECOMMENDED THAT THE WAUGH ENGINEERING AXx1AL MoOMEN-
TuM Mass FLOWMETER BE CONSIDERED FOR THE EVALUATION AND
DEVELOPMENT PROGRAM.,

Company: FiscHErR & PorRTER CoMPaNY

Type oF INSTRUMENT: VOLUMETRIC TURBINE METER wWiTH DENSITY
COMPENSATION

MrGc's. Response: I NTERESTED IN PROGRAM BUT NOT PRESENTLY
MANUFACTURING A MASS FLOWMETER.

COMMENTS: FiscHER & PORTER HAS IN THE PAST MARKETED A
MASS FLOWMETER CONSISTING OF THEIR STANDARD VOLUMETRIC
METER WITH DEMNS|TY COMPENSATION BEING DERIVED FROM THE

..5..
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DRAG FORCES EXERTED ON A DISC IMMERSED IN THE FLOW
STREAM, SEVERAL DISCUSSIONS HAVE BEEN HELD WITH

FiscHER & PORTER IN WHICH IT WAS LEARNED THAT THE

MASS METER DESCRIBED WAS WITHDRAWN FROM FURTHER PRO-
DUCTION DUE TO PROBLEMS ENCOUNTERED IN MASS PRODUCING
THIS TYPE OF FLOWMETER WHILE MAINTAINING A SYSTEM
ACCURACY GREATER THAN T 0.5%. FiscHer & PORTER S sTitLt
IN POSSESSION OF SEVERAL OF THE DENSITY COMPENSATED MASS
FLOWMETERS. A TECHNICAL MEETING HAS BEEN SCHEDULED ON
ApriL 5, 1961, a1 THE FiscHer & PORTER, HATBORO, PENNSYL-
VANIA FACILITY, DURING THIS MEETING THE POSSIBILITY OF
OBTAINING ONE OF THE DENSITY COMPENSATED VOLUMETRIC MASS
METERS FOR EVALUATION WiLL BE DISCUSSED. IN ADDITION,
THE RELATIVE MERITS AND ADVANTAGES OF THIS TYPE OF METER-
ING SYSTEM WiLL BE DISCUSSED,

RECOMMENDATIONS: 1T (S RECOMMENDED THAT A DECISION ON

THE POSSIBLE EVALUATION OF THE FiScHER & PORTER MASS FLOW-
METER SYSTEM BE DEFERRED UNTIL AFTER THE TECHNICAL MEET-
ING TO BE HELD APRIL UTH.

Company: Srtanoarp ConTROLS, INC.

Tyre oF INSTRUMENT: DRrRAG oN Reep (STraIN GaGE)

Mfrg's. RESPONSE: INTERESTED IN PROGRAM AND WILLING TO
SUBMIT METER FOR EVALUATION ON A LOAN BASIS,

COMMENTS: THE PRINCIPLE OF METER OPERATION (S ONE (N
WHICH THE BENDING MOMENT ON A REED IN THE FLUID STREAM

IS MEASURED WITH A STRAIN GAGE. THE BENDING MOMENT WOULD
NORMALLY BE A FUNCTION OF THE MASS FLOW MOMENTUM (CDAFV2/2G);
HOWEVER, IN THIS TYPE OF APPLICATION, THE REED 1S FABRI(-
CATED FROM AN EXTREMELY FLEXIBLE MATERIAL AND 1S INTENDED
TO DEFORM UNDER FLOW CONDITIONS SUCH THAT THE CHANGE IN
DRAG COEFFICIENT AND FRONTAL AREA WILL COMPENSATE THE
BASIC MASS MOMENTUM FUNCTION SO THAT A DIRECT MASS FLOW
READING IS OBTAINED., AT THE PRESENT TIME, VERY LITTLE
CALIBRATION DATA 1S AVAILABLE; HOWEVER, THE MANUFACTURER
FEELS THAT THE METER SHOULD COMPENSATE FOR DENSITY CHANGES
OF APPROXIMATELY 5% T0 10%.

RecommMenpations: Due ro THE LIMITED EXPERIENCE OF THE

MANUFACTURER, AND POTENTIAL PROBLEM AREAS ATTENDANT Wi TH
THE DEVELOPMENT OF CRYOGENIC STRAIN GAGE INSTALLATIONS AND
THE VARIABLE AREA-DRAG COEFFICIENY COMPENSATION PRINCIPLE,
IT IS RECOMMENDED THAT THE STANDARD CONTROLS FLOWMETER BE
OMITTED FROM CONSIDERATION IN EVALUATION AND DEVELOPMENT
PROGRAM,

-6-
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6) CompanY: CONSOLIDATED ELECTRODYNAMICS CORPORATION

7)

Type OF INSTRUMENT: Heat TrRansFer (Laus PRiNCIPLE)

Mrc's, REsPONSE: INTERESTED IN PROGRAM BUT METER NEEDS
EXTENSIVE DEVELOPMENT,

CoMMENTS: THE METER S STILL IN THE DEVELOPMENT PHASE,
i.E., TESTING TO DATE HAS BEEN CONCERNED WITH ESTABLISH-
ING THE BASIC PARAMETERS RELATING TO ACCURACY, REPEAT-
ABILITY, LINEARITY, ETC. CONSOLIDATED ELECTRODYNAMICS
CORPORATION WOULD NOT BE WILLING TO PROVIDE A METER ON

A LOAN BASIS DUE TO THE EXTENSIVE EXPENDITURE OF COMPANY
FUNDS WHICH WOULD BE REQUIRED BEFORE TESTING COULD BE
CONDUCTED.

RECOMMENDATIONS: DUE TO THE EXTENSIVE DEVELOPMENT RE-
QUIRED, IT 1S RECOMMENDED THAT THE CEC Heat TRANSFER Mass
FLOWMETER BE OMITTED FROM CONSIDERATION IN THE EVALUATION
AND DEVELOPMENT PROGRAM,

Company: FrLow MEASUREMENT CORPORATION

TYyPE oF INSTRUMENT: HEAT TRANSFER (LAUB PRINCIPLE)

Mrc's RespPoNsE: INTERESTED IN PROGRAM; HOWEVER, THE
PRESENT METER 1S NOT DIRECTLY APPLICABLE TO LI1QUID HYDRO-
GEN MASS FLOW MEASUREMENT,

CoMMENTS: THe FrLow MeASUREMENT CORPORATION METER 1S NOT

A TRUE MASS METER IN THE SENSE THAT IT 1S POSSIBLE TO
CALIBRATE THE METER WITH A GIVEN FLUID IN MASS UNITS AND
USE THE METER WITH OTHER FLUIDS. THE METER 1S, HOWEVER,
ATTRACTIVE FROM THE STANDPOINT OF NO MOVING PARTS AND
RELATIVELY SIMPLE CONSTRUCTION, THE PRESENT ACCURACY OF
THE INSTRUMENT 1S ONE TO TWO PERCENT. TECHNICAL INFOR-
MATION HAS BEEN FORWARDED TO WYLE, AND A TENTATIVE MEETING
HAS BEEN SCHEDULED FOR APRIL [TH AT THE FLOW MEASUREMENT
CORPORATION FACILITY IN KENSINGTON, MARYLAND. DuRING THIS
MEETING, THE POSSIBLE DEVELOPMENT OF THE METER FOR USE IN
LIQUID HYDROGEN SYSTEMS WILL BE MORE FULLY DISCUSSED.

RECOMMENDATIONS: 1T IS RECOMMENDED THAT ANY ACTION PER-

TAINING TO THE POSSIBLE EVALUATION AND DEVELOPMENT OF THE
FLow MEASUREMENT CORPORATION METER BE DEFERRED UNTIL AFTER
THE TECHNICAL SESSION BETWEEN WYLE LABORATORIES AND THE
FLow MeASuREMENT CORPORATION ON APRIL T, 1961,

_7_
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CompanNy: Pi1oNgerR CENTRAL DivisioOn
Benpix CORPORATION

Type oF INSTRUMENT: CoRriOLIS

Mrc's ResponseE: NOT INTERESTED IN CONTRIBUTING OR
PARTICIPATING IN THE EVALUATION AND DEVELOPMENT PROGRAM
AT THIS TIME,

COMMENTS: BENDIX 1S IN THE PROCESS OF DELIVERING A

600,000 POUNDS PER HOUR LIQUID OXYGEN METER TO EDWARDS

AtR FORCE BASE FOR A FACILITIES INSTALLATION., EXTENSIVE
MODIFICATION OF THEIR PRESENT LOX MASS FLOWMETER OESIGN

IS REQUIRED BEFORE THE METER MAY BE USED IN A LIQUID HYDRO-
GEN FLOW SYSTEM. DBENDIX 1S CURRENTLY UNDERTAKING THIS
MODIFICATION AND (T S EXPECTED TO REQUIRE AT LEAST SiX
MONTHS, DBENDIX WILL ATTEMPT TO FORWARD AVAILABLE TECHNI-
CAL INFORMATION WHICH WILL BE OF USE IN THE PREPARATION

OF THE SURVEY PORTION OF THE FINAL TECHNICAL REPORT,

RECOMMENDATIONSS !T 1s RECOMMENDOED THAT THE Benxpix CorpPO-
RATION FLOWMETER BE OMITTED FROM CONSIDERATION IN THE
EVALUATION AND DEVELOPMENT PROGRAM,

ComPANY: DaNiteL OrRiFiIcE FiTTing COMPANY

-

Tyre oF INSTRUMENT: "TRue VerociTY" with DENSITY ComM~
PENSATION

Mrc's ReEsPONSE: INTERESTED.

CoMMENTS: NO TECHNICAL INFORMATION PERTAINING TO THE METER
DESIGN OR OPERATION IS PRESENTLY AVAILABLE SINCE THE METER
1S STILL IN THE DEVELOPMENT PHASE AND IS FELT TO BE PRO-
PRIETARY., SHouLd DanteL ORIFICE DECIDE TO PARTICIPATE IN
THE PROGRAM, THEY WILL FORWARD ADDITIONAL TECHNICAL INFOR-
MATION AND DESCRIPTION OF THEIR METER.

RECOMMENDATION: | T 1S RECOMMENDED THAT ANY ACTION PER-
TAINING TO THE POSSIBLE EVALUATION AND DEVELOPMENT OF THE
DaANiEL ORIFICE Fi1TTiING COMPANY MASS FLOWMETER BE DEFERRED
UNTIL SUFFICIENT TECHNICAL INFORMATION 1S OBTAINED TO
PROPERLY EVALUATE THE METER,
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Company: RUCKETDYNE

Type OF INSTRUMENT: UNKNOWN,

MFG's, REsPONSE: NOT INTERESTED IN CONTRIBUTING OR PARTI-

CIPATING N THE EVALUATION AND DEVELOPMENT PROGRAM AT THIS
TIME,

ComMMmeEnTSe ROCKETDYNE IS CURRENTLY IN THE DEVELOPMENT
PHASE OF A METER FOR USE IN THE J=2Z ENGINE SYSTEM OF SATURHN,
A METER WOULD NOT BE AVAILABLE FOR TESTING FOR AT LEAST
SEVERAL MONTHS, '

.

RecommendatTion: Nowe,

Comrany: Quanutum Dyiamics

Type 0OF InNSTRUMENTS: TwiInN TURBINE VOLUMETRIC METER WITH
Denstty CoMpENSATION,

Mrg!'s, RESPONSE: NOT INTERESTED (N CONTRIBUTING TO THE
EVALUATION AND DEVELOPMENT PROGRAM AT TH!S TIME,

CoMMENTS: QUANTUM DYNAMICS 1S APPREHENSIVE ABOUT RELEAS-
ING DETAILED INFORMATION DESCRIBING THE TWIN TURBINE VOL=~-
UMETRIC METER OR THE METHOD OF DENStITY COMPENSATION DUE TO
PROPRIETARY CONFLICTS,

RECOMMENDATIONS ¢ IT iS RECOMMENDED THAT THE QuANTUM DeEn=-

SITY FLOWMETFR BE OMITTED FROM CONSIDERATION IN THE EVAL~-
UATION AND CEVELOPMENT PROGRAM,

Companys: LinDE COMPANY

Tyepe oF InsTRUMENT? NONE.

MrFg!s, RESPONSE: INTERESTED IN PROGRAM,

COMMENTS @ LINDE'YS CURRENT INTEREST IN THE FIELD OF LIQUID

HYDROGEN MASS FLOW MEASUREMENT (1S IN THE DELIVERY OF LIQUID
HYDROGEN, LINDE 1S PRESENTLY DETERMINING THE QUANTITY OF
LIQUID HYDROGEN SOLD BY WEIGHING THE DELIVERY TRUCK BEFORE
AND AFTER DELIVERY,

ReEcoMMENDATIONS: NONL,
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CoMpaNYy: NATIONAL BUREAU OF STANDARDS
CrRYoGENIC ENGINEERING LABORATORIES

Type OF INSTRUMENT: NONE.

MFc's, RESPONSE: INTERESTED IN PROGRAM,

CoMMENTS: NBS 1s CURRENTLY CONDUCTING SEVERAL RESEARCH
AND DEVELOPMENT PROGRAMS (CRYOGENIC INSTRUMENTATION) FOR
THE Lewis ResearRcH CeEnNTER., NBS HAS BEEN MOST HELPFUL AND
1S EAGER TO COORDINATE THE EFFORTS OF THE NBS aAND WYLE
PROGRAMS BEING CONDUCTED FOR NASA, WYLE HAS BEEN PLACED
ON THE DISTRIBUT!ON LIST AND WILL RECEIVE COPIES OF THE
NBS QUARTERLY PRrROGRESS REPORTS 1SSUED FOR THE LEwis Re-
SEARCH CENTER PROGRAM,

RecoMMENDATIONSS NONE,

CoMPany: GeEnNnERAL ErLecTRrIC

Type OF INSTRUMENTS: AXIAL MOMENTUM

Mrc's, REsPonNSE: NOT INTERESTED IN PARTICIPATIONIN THE
EVALUATION AND DEVELOPMENT PROGRAM AT THIS TIME,

COMMENTS: WHILE THE GENERAL ELECTRIC MASS FLOWMETER HAS
ACHIEVED A GREAT DEAL OF USE AND EXPERIENCE IN THE FIELD
OF MASS FLOW MEASUREMENT, THIS EXPERIENCE HAS BEEN EX=-
CLUSIVELY IN NON=CRYOGENIC APPLICATIONS, THE EXISTING
METER WOULD REQUIRE EXTENSIVE MODIFICATION TO THE DRIVE
MECHANISM AND READOUT EQUIPMENT, PRIOR TO USE IN A LIQUID
HYDROGEN SYSTEM, GENERAL ELECTRIC HAS TENTATIVELY EX=
PRESSED A DISINTEREST IN THE PROGRAM DUE TO THE EXTENSIVE
MODIFICATIONS REQUIRED TO ADAPT THEI!R METER FOR CRYOGENIC
APPLICATIONS, HOWEVER, A FORMAL RESPONSE TO THE ORIGINAL
INQUIRY HAS NOT, AS YET, BEEN RECEIVED,

RECOMMENDATIONS: NONE,

Company: AeroJeT-GENERAL CORPORATION, AZusa

Type OF INSTRUMENT: REFERENCE WAUGH ENGINEERING,

COMMENTS: AEROJET WAS CONTACTED WITH RESPECT TO INTER-
CHANGE OF TECHN{CAL INFORMATION RELATING TO THEIR MASS
FLOWMETER DEVELOPMENT PROGRAM WITH WADD, FUTURE TECHNI-
CAL CONTACTSWITH AEROJET WILL BE MAINTAINED IN ORDER
THAT TECHNICAL REPORTS DESCRIBING THE OPERATION OF THE
WAUGH FLOWMETER MAY BE EVALUATED.

RECOMMENDATIONS: NONE

- 10 -
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CoMPANY: AViEN

TYyPre OF INSTRUMENT: AXxiaL MOMENTUM

Mrg's, Response: INTERESTED iIN PROGRAM,

COMMENTS: ALTHOUGH AV IEN WOULD BE INTERESTED IN PARTI-
CIPATING IN THE EVALUATION AND DEVELOPMENT PROGRAM, THEIR
PRESENT AXIAL MOMENTUM METER WOULD REQUIRE EXTENSIVE
DEVELOPMENT PRIOR TO USE IN A LIQUID HYDROGEN SYSTEM, AT
PRESENT, LITTLE TECHNICAL INFORMATION 1S AVAILABLE DES-
CRIBING THE DESIGN OR OPERATION OF THE AVIEN AX1AL MO-
MENTUM METER,

RecoMMENDATIONS: NONE.

Company: Maxson CORPORATION

Type OfF INSTRUMENT: AcCousTicC

Mrc's Response: NOT INTERESTED,

CommeEnTs: NonE

RECOMMENDATIONS: NONE.

Company: GuLTON INDUSTRIES

Tyre OF INSTRUMENT: AcousTicC

Mrac's, Response: INTERESTED IN PROGRAM,

ComMenNTS: GULTON 1S CURRENTLY MANUFACTURING A NON-CRYO-
GENIC MASS FLOWMETER OF APPROXIMATE 2 INCH LINE StIE.
GULTON IS INTERESTED IN THE PROGRAM BUT WOULD NOT BE WiLL-
ING TO SUBMIT A FLOWMETER FOR EVALUATION ON A LOAN BASIS
DUE TO THE EXTENSIVE MODIFICATION REQUIRED TO ADAPT THE
MESER FOR CRYOGENIC APPLICATIONS,

RECOMMENDATIONS: IT 1S RECOMMENDED THAT THE GULTON FLOW-
METER BFf OMITTED FROM CONSIDERATION IN THE EVALUATION AND
DEVELOPMENT PROGRAM,
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N

CoMPANY:

Type ofF |

ConTrACT No. NAS8-1526
ProcreEss RepoRrRT No, 1

ReverRe CORPORATION OF AMERICA

NSTRUMENTS ADJUSTABLE VANE

Mrc'!'s, Rt

SPONSE ¢ NOT INTERESTED.,

COMMENTS ¢
FACTURE A
QUIREMENT

20) Cowupatny:

21)

22)

Tyepe or |

Revere CORPORATION DOES NOT CURRENTLY MANU=
METCR CAPABLE OF SATISFYING THE PROGRAM RE~-
S.
ACOUSTICA

NSTRUMENTS AcCousTIcC

Mrals, Re

sPensEs NOT INTERESTEOD,

CoMMELTS ¢

RecoMMEND

None,

ATIONS: WNONE,

CoMPAnY

fype oF |

AItRESEARCH MAanUFACTURING CORPORATION

NSTRUMENT S  HNONE,

Mrots, Xr

SPONSE S INTERESTED IN PROGRAM,

CoMmMe~TS :
MENT WORK
MAGNETOHY
BgEN CANC
MASS FLOW

RecoMme W

AIRESEARCH HAS CONCUCTED PRELIMINARY DEVELOP-
0" A MASS FLOWMETER, BASED UPON PRINCIPLES OF
DRODYHAMICS, THIS LEVFLGCPMENT HAS SUBSEQUENTLY

ELLED, AWD AVRISEARCH 1S &0 LOHMGER DEVELOPING A
METER,
ATHGHS e NONT .,

CoMpanYy

Type ofF |

Cax InsyrumentT Division
srorce L, Nanxervis Company

NSTRUMENT S UNKNOWN,

Mrc's, Re

TRGUSE 2 INTERESTED IN PROGHRAM,

CoMvenTs s

ING A TR
VOLUMETRI
PROVIDES
TO PRODUC
PCGSSIRLE
PROGRAM,
AVAITLABLE

Cox 1S CURRENTLY DEVELOPING A MASS METER UTILIZ=
PLE TURBINE IN WHICH A SINGLE TURBINE PROVIDES
C DATA, AND THE REMAINING TWIN TURBINE ASSEMBLY
DENSITY DATA, THE RESULTANT SIGNALS ARE COMBINED
E A MASS READING, CoX 1S5S CURRENTLY CONSIDERING
PARTICEPATION IN THE EVALUATION AND DEVELOPMENT

AY THC PRESENT TIME, NO TECHNICAL INFORMATION IS
DESCRIBING THE OPERATION OF THE METER.

- 12 =
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RECOMMENDATIONS $ IT 1S RECOMMENDED THAT ANY ACTION PER-=
TAINING TC THE FOSSIBLE EVALUATION AND DEVELOPMENT OF

THE COX MASS FLOWMETER BEf DEFERRED UNTIL SUFFICIENT TECHNI=-
CAL INFORMATION IS OBTAINED TO PROPERLY EVALUATE THE METER.

Company: Douctas AIRCRAFT COMPANY

Tyee 0F INSTRUMERTS: UNKNOWN

Mrats, Resconsps NOT INTERESTED IN PARTICIPATION IN THE
EVALUATION AND DEVELOPMENT PROGRAM AT THIS TIME,

COMMENTS Dcuyctas 1S CURRENTLY CONDUCTING LIMITED TESTS

WITH MODIFIED TURBIND METERS TO DETERMINE POSSIBLE USE
WITH LIGUID HYDRUGEN,

RecomMmerDaTIONS s NONE,

Comparny: NASA {lLewis ResearRcH CENTER)

Type oF INSTRuUMENT S NoONE,

Megle, Regoanse s INTERESTED IN PROGRAM,

Cowmentes: Tre Lewts RESEARCH CENTER WAS CONTACTED WITH
RESPECT TG CUGRDINATION OF THE WYLE PROGRAM WITH THE

CURRFNT NBS CRYOGENIC INSTRUMENTATION PROGRAM, A VERY
FAYORABLE RESPONSE WAS OBTAINED AND TECHNICAL COORDINATION
WILL BE MA!NTAINED THROUGHOUT THE REMAINDER OF THE CONTRACT,

RecpmMMoENDAT IONT S NONE .

Canpanys Sracr IwsTRuMENTS CORPORATION

Tyee 67 !NSTRUMENTS UNKNCWN,

Mro'!s, Ressonse: A FORMAL RESPONSE HAS NOT BEEN RECEIVED,

ComMmEnTSS A QUESTIONNAIRE TYPE LETTER WAS FORWARDED 70O

THE Spast InaTeudrnTs CORPORATION On MaRCH 22, 1961, awop,
AS YET, SPACE iINSTRUMENTS CORPORATION HAS NOT HAD SUFFICIENT
TIME TO FPROPERLY RESPOND,

RccomMMinoaTionss Nowg,

—13.—
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PreviMminary Desion oF CALIBRATION SYSTEM

IN PREPARATION FOR THE SCHEDULED TECHNICAL MEETING BETWEEN
WYLE AnND Marswatt Spact FriouT CENTER oN APRIL 10 anND 11,
1961, A CALIBRATION SYSTEM BASED UPON A MAXIMUM FLOW RATE

OF APPROXIMATELY 50 GPM HAS BEEN TENTATIVELY DESIGNED. THE
SYSTEM DESIGN 1S BASED UPON DYNAMIC WEIGHING OF THE CONTENTS
oF A 60 GALLON L1QUID HYDROGEN STORAGE VESSEL. THE DESIGN
INCORPORATES BOTH THE 60 GALLON LIQUID HYDROGEN TEST VESSEL
AND THE HELIUM PRESSURIZATION SOURCE MOUNTED ON A MECHANICAL
scate System, THE TEST VESSEL DESIGN INCORPORATES THE USE
OF A LIGHTWEIGHT INTERIOR STAINLESS STEEL TANK, 6 INCHES OF
FOAM INSULATION, AND A LIGHTWEIGHT OUTER TANK, THE FLEXIBLE
HOSE LEADING FROM THE SCALE SYSTEM, AND THE ASSOCIATED TRANS-
FER PIPING, HAVE BEEN DESIGNED AS DOUBLE-WALL COPPER LINES
WITH ALUMINUM FOIL/FIBERGLASS, HIGH=VACUUM INSULATION,

IT SHOULD BE NOTED THAT CONTINGENT UPON THE SIZE OF FLOW-
METERS SELECTED FOR EVALUATION, THE CALIBRATION SYSTEM MAY
REQUIRE NOMiINAL REDESIGN, SUBSEQUENT REPORTS WILL INCLUDE

COMPLETE DESIGN DETAILS AND SCHEMATIC DIAGRAMS OF THE CALI-
BRATION SYSTEM,
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PRet IMINARY DESIGN oF CALIBRATION SYSTEM

IN PREPARATION FOR THE SCHEDULED TECHNICAL MEETING BETWEEN
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1961, A CALIBRATION SYSTEM BASED UPON A MAXIMUM FLOW RATE

OF APPROXIMATELY 50 GPM HAS BEEN TENTATIVELY DESIGNED, THE
SYSTEM DESIGN IS BASED UPON DYNAMIC WEIGHING OF THE CONTENTS
OF A 60 GALLON LIQUID HYDROGEN STORAGE VESSEL, THE DESIGN
INCORPORATES BOTH THE 60 GALLON L1QUID HYDROGEN TEST VESSEL
AND THE HELIUM PRESSURIZATION SOURCE MOUNTED ON A MECHANICAL
SCALE SYSTEM, THE TEST VESSEL DESIGN INCORPORATES THE USE

OF A LIGHTWEIGHT INTERIOR STAINLESS STEEL TANK, 6 INCHES OF
FOAM INSULATION, AND A LIGHTWEIGHT OUTER TANK, THE FLEXIBLE
HOSE LEADING FROM THE SCALE SYSTEM, AND THE ASSOCIATED TRANS—
FER PIPING, HAVE BEEN DESIGNED AS DOUBLE=WLL COPPER LINES
WITH ALUMINUM FOIL/FIBERGLASS, HIGH=VACUUM INSULATION,

IT SHOULD BE NOTED THAT CONTINGENT UPON THE SIZE OF FLOW-
METERS SELECTED FOR EVALUATION, THE CALIBRATION SYSTEM MAY
REQUIRE NOMINAL REDESIGN, OSUBSEQUENT REPORTS WILL [INCLUDE
COMPLETE DESIGN DETAILS AND SCHEMATIC DIAGRAMS OF THE CALI-
BRATION SYSTEM,
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